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  ａ 水田水域以外における移動研究 
 (1) 移動の概念 
? ????????????????????????
???Minns?1995?????? Home range??????
????????????????????????
?????????????????????????
??????????????????????????
??????Home range???????Home range??
?????????????????????????
?????????????????????????
??????????????????????????
?????????? 1996a????????Home range
??? Territory ?????????Burt?1943?????
?????Burt??????????????????
???????????? Home range????????
? Gerking?1959??? Home range is the area over which an 
animal normally travels??Hayne, 1949?.????????
Hayne ?????Burt?1943?????????????
?????in search of food.?????????????
????? 
? Gerking? ?1959???Newman?1956?? Funk?1957??
Bardach?1958??Miller?1957??Williams?1957??????
??????? Home range ????????????
??????????????????? 2?????
?????????????????????????
??????????????????Gerking, 1959??
Funk?1957?? 846 ??????????? 14 ????
??????????????????sedentary???
???mobile?????????????????
Gerking?1959???? stray????????????
Funk?1957??????????????????
Gerking?1959????????????????????
?????????????????????????
?????Garking?1959??????????????
1/3?0?????? 
? ????????? Home range???????????
???????????????????????Begon 
et al.?2003?????????????????????
?????????????????????????
??????migration????????????dispersal?
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
??????????????????? 
? ?
?
?
?
112 農村工学研究所報告　第 52 号　（2013）
? ????????????????????????
??????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
??????????????????????????
?????????????????????????
?????????????????????????
????????????????????????2009?
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
??? cm ????????????????????
?????????????????? Minns?1995??
?????????????????????????
?????????????????????????? 
 (2) 海外における移動研究 
? Minns?1995????????????????????
?????????????????????????
????????????????????????
Minns????????????????? 20????
?????Minns ?????????????Minns ??
???????? 20????????????????
?????????????????? Esox 
masquinongy ? ? ? ? ? ? ? ? ? ? ? ? ?
Crossman?1977??????? Micropterus dolomieui ??
???? Hubert?1981????????? Anguilla rostrata
?????? Helfman et al.?1983?? 3 ???????
Minns????? 20?? 1936?1993?????????
Helfman et al.?1983????12????????????
?????????????????????????? 
? ????? 3 ????????????5?47 ???
?????????????????????????
? 17 ????????Bozeman et al.?1985????? 6
???Mundahl and Ingersoll?1989?? Greenberg and 
Holtzman?1987??? 1 ????????????4 ??
??Hesthagen 1990??3???Miller 1957?Bachman
1984????????? 1???????????? 17
???????????????????????? 9
??????Gunning and Shoop, 1962?????????
?? 3??????Mundahl and Ingersoll, 1989?????
???????????????????????? 1
??????Bachman, 1984?????????????
???????????Saunders and Gee, 1964?????
????????????????????????
Gunning, 1963???????????Bozeman et al., 1985?
?????????????????????????
??????????????Mundahl and Ingersoll, 1989?
?????????Gunning and Shoop, 1963?????
???????????Downhower et al., 1990????
???? 
? Minns ?????????????????????
??????????????? 
? Hill and Grossman?1987??????????????
?????????????????????????
? Logan?1963?????????Logan ???????
?????????????????????????
?????????????????????????
?????????????????????????
??????????????????????????
???????????????????????
?Hill and Grossman, 1987??????Burt?1943?????
??????????????????????? 
? Gunning and Shoop?1963????????? 2 ?
Lepomis m.megalotis (Rafinesque)?Lepomis m.macrochirus 
Rafinesque ????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
??????????????? 
? ???Mundahl and Ingersoll?1989???Gunnning and 
Shoop?1963?? Berra and Gunning?1972????????
????????????? 48??????????1
?5 ???????????????????????
?????????????? Gunning and Shoop??
????????????? Mundahl and Ingersoll?1989?
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????? 
? Rinne?1982????????????????????
??????????Moring and Buchanan, 1978?????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
??????????????????????? 
 (3) 我が国における移動研究 
? ?????AFFRIT????????????????
??????????????????????????
?????????????????????????
??????????????CiNii?J-STAGE?JASI?
NDL ??????????????????????
????????? 
? ????????????????????????
?? 531 ?????????????????1 ???
, , ,
113竹村武士：水域ネットワーク再生に向けた魚類個体群動態予測に関する基礎的研究
?????????????????????????
???2011? 1? 31????????????????
???????????????僅? 7???????
???????? 4 ??????3 ?????????
???????????????????????? 1
????? 2009????????? 5???????
????????????????????? 
? ???531??????????1952???????
????????????????? 1952??????
?? 1957 ????????????????????
? 1957?????????? Halichoeres tenuispinis 
(Günther) ?????????1972??????????
???????????????? Burt?1943?????
????????????? Gerking?1959??????
???? 10????????????????????
?????????????????????????
?????????????????????????? 
? ????????????????????????
?? 1??????????????????????
? 3 ?????? 2 ??????????1 ?????
??2004?????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
???????????????????????
migration ????????????????????
?????2 ???????2009???ATS?Advanced 
Telemetry System??????????????????
????????????????? 100m ?????
??? Hemibarbus labeo barbus???????????
?????????????????????????
??????????? PHABSIM ?????????
?????????????????????????
???????????? 
? ?????????????????????????
????????and?????????? 104????
?????????????????2011? 2? 1??
????????????????? 48???????
????????????????????????2009?
? 1??????????2009???????? Carassius 
carassius grandoculis???????? Carassius cuvieri
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
??????????????2008??辿??????
?????????????????????????
???? 1????????????????????
????? 
? ????????????????????????
????????????? 57 ??????????
??2011? 2? 1???????????????? 17
?????????? 2 ?????1 ????????
????2009???? 1???????????????
??????????????????? 1980????
???????????? 
? ????????????????????????
???? 56 ????????????2011 ? 2 ? 2 ?
??????????????????????????
?????????????????????????
?????????????????????????
?????? 27???????1??????Ⅳ???
??????????????? 26 ???????
?2003??????2006??????2009??????2009?
2010??? 5???????????????????
?????????????????????????
???????????????????? 21????
?????????????????????????
?????? 9?????????????? 8???
?????? 4????? 
? ????????????????????????
???????????? 2009???? 2009????
?????????????????Kamimura and Shoji
2009???? 2009?????????????????
????????????? 1991?Ozawa et al., 1977?
????? 1962?????????? Engraulis spp.?
????? Sardinops spp.?????????????
??????????????? 2009???????
?????????2009??????????????
???????????????????2009????
????2009???????????????????
??????????????? 
? ????????????????????????
???????????１??????????????
??2009??????????????2009?????
?????????????????????????
?????????????????????????
??????2009????????????Aoki 1980?
1982???????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
???2000?????2002??????????????
???? Tribolodon hakonensis ???????????
?????????????????????????
?????????????????????????
???PHABSIM ?????????????????
????????????????????? 2000??
?????????????????????? Salmo 
?
?
?
? ?
?
?
?
?
?
?
?
114 農村工学研究所報告　第 52 号　（2013）
trutta????? Oncorhynchus mykiss????????
????????cell???????????????
PHABSIM????????????????Van Winkle 
et al., 1998?????????????????????
????????? HSI??????????????
?????????????????2009??????
??????SI??????????????????
??????? MI?Migration Index???????HSI
???????? CMI?Composite Migration Index???
?????????????????????????
?????????????????????????
?????????????????????? 
? ??????????? 8 ??????????? 4
???????? 
? ???????????????????????
2009??????? 2009??????????????
???? genus Cobitis???????????????
?????? 2009?????????????????
????????????????????????
2002??? 2003??????????????????
????????????? Rhinogobius sp.(the orange 
form)????????????? 2001???????
?????????????? Oncorhynchus masou 
masou ??????????????????????
?????????? 2007?????????????
?????????????????????????
?? 2009????????????????????
???????????2007????????????
??????????????????? 
? ??? 4???1992????????????????
?????????????????????????
???????????????2??????????
?????????????????????????
?????????????????????????
?????????????????????????
????????? 
  ｂ 水田水域における移動研究 
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Ⅱ 対象種の選定とその位置づけ 
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 ２ 解析対象データ?
  ａ 解析対象データの取得 
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Fig.1? ????????????????????????????????????2005b????? 
Main canals in the Shitada-gawa River basin and observation points set in main canals (modified from Koizumi et al. (2005b)) 
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 ３ 正準相関分析?
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Table 1? ??????????????????2002? 7??2004? 6?? 
Overview of captured fishes data for analysis (pooled monthly surveys from July 2002 to June 2004) 
 
? ????? ?????
?????
TL?5cm TL?5cm ?
????? Lethenteron reissneri 8 2 336 (4.8) 211 (1.8) 547 (2.9)
???? Zaccoplatypus 1 1 4 (0.1) 3 (0.0) 7 (0.0)
??? Tribolodonhakonensis 1 1 5 (0.1) 0 (0.0) 5 (0.0)
???? Gnathopogon elongatus elongatus 44 7 262 (3.7) 542 (4.7) 804 (4.3)
??? Pseudorasboraparva 6 3 12 (0.2) 11 (0.2) 23 (0.2)
???? Carassius auratus langsdorfii 21 5 105 (1.5) 77 (0.7) 182 (1.0)
????? Tanakia lanceolata 1 1 0 (0.0) 1 (0.0) 1 (0.0)
???? Misgurnus anguillicaudatus 114 13 6 105 (86.4) 7 591 (65.9) 13 696 (73.7)
??????? Lefua echigonia 39 10 151 (2.1) 614 (5.3) 765 (4.1)
??? Oryzias latipes 16 3 0 (0.0) 2 409 (20.9) 2 409 (13.0)
?? Mugil cephalus cephalus 2 1 1 (0.0) 1 (0.0) 2 (0.0)
?????? Micropterus salmoides 1 1 3 (0.0) 0 (0.0) 3 (0.0)
??????? Rhinogobius sp.OR 21 4 76 (1.1) 55 (0.5) 131 (0.8)
? 7 060 (100.0) 11 515 (100.0) 18 575 (100.0)
*????????????????%????
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???????? EXCEL ????? Ver.5.0?????
????? 
 
 ４ TWINSPAN および多次元尺度法?
  ａ TWINSPAN 
? TWINSPAN?two-way indicator species analysis?Hill,1979?
?????????????????????????
?????????????????????????
????? 2 ?????????????????? 2
????????????????????????
2003??TWINSPAN ????????????????
????????? 2005a?????????????
???????? 2003???? 2003??????
2005?????????????? 2003???? 2006?
??? 2009???????????????????
??? 
? ????????????????????????
??????????????????? 2005b???
?????????????????????????
????????? 1995?????????????
??????TWINSPAN???????????????
???????? 
? ???????????? 122???? 1?????
1 ????????????????????????
1 ????? 1 ??????????????????
?????????????????????????
?????????????????????????
???????case-A?C??????????Table 2
?????????????case-A?????????
PC-ORD Ver4.20 (MJM Software Design)????? 
  ｂ 多次元尺度法 
? ????????????????????????
??????????????????????????
?????????????????????????
?????????????????????? 1980??
??? III??? IV?????????????????
????? 1997??????????????????
???????????????Kruskal and Wish, 1978??
?????????????????????????
???? 1994??????????????????
???????????? 1999??????? 
? ???????????????? TWINSPAN ??
?????????????????????????
?????????????????????????
????????????Table 2??????? A?? B
??????????(2)? DAB?????? 
? DAB=1-(NAB / NA) (2) 
? ????NA?? A???????NAB?? A?? B?
?????????????? 
? ?(2)???????? DAB? DBA?????????
?????????????????????????
????????????????ALSCAL?????
???????????TWINSPAN?????????
????????????????? case-A ?????
???????????? SPSS Ver.15.0J????? 
  ｃ 水路環境 
? ???ａ?????????TWINSPAN??????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????
TWINSPAN????????????????????
??????????1 ????? 1 ????????
?????? 
? ????????????????????????
????????????Table 3??????????
Table 2? ??/????????????case-A?TWINSPAN
???? ?? ????????????????
?????/?????????????? 
Example of a presence-absence data set (case-A. Data sets like this 
are used for TWINSPAN. And data sets for Multidimensional 
scaling are created from presence-absence data sets like this) 
??
??
?
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
?
??
??
??
?
??
??
??
?
??
??
??
??
??1 0 0 0 1 0 1 0 1 1 1 0 0 0
??2 0 0 0 1 1 1 1 1 0 1 0 0 0
??5 0 1 1 1 1 1 0 1 1 1 1 0 1
??7 0 0 0 0 0 0 0 1 0 0 0 0 0
??12 0 0 0 1 1 0 0 1 0 0 0 0 0
??14 0 0 0 0 0 0 0 1 1 0 0 0 0
??16 0 0 0 0 0 0 0 1 1 0 0 0 0
??18 0 0 0 0 0 0 0 1 1 0 0 0 1
??20 0 0 0 1 0 1 0 1 1 0 0 1 0
??23 1 0 0 1 0 0 0 1 1 0 0 0 0
??24 0 0 0 0 0 0 0 1 1 0 0 0 1
??25 1 0 0 1 0 1 0 1 1 0 0 0 1
??27 0 0 0 0 0 0 0 1 1 0 0 0 0
? ?
?
?
?
?
?
? ?
?
?
?
?
?
?
?
?
?
?
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???????? 1??????? 0(m)???????
?????????????????????????
????????????? 3???????????
?????????????????????????
?? Fig. 2????????? 1? 2????????
??????????????????????????
???????????????????? 2?????
??????????????????????????
???????????????????????? 5?
?????????????????????????
?2005b???????2002? 6???????2003?
7 ???????????????????????????
?????????????????????????
???????????TWINSPAN?????????
?????????????????????????
?????????????????????? 
 
 ５ 結果および考察?
  ａ 正準相関分析 
? case-A?????? Table 4?5????Table 4??
???????????????????? 2????
???????? Bartley and Robitschek?2000?????
??????? 0.65????????????????
????????Table 5??????????????
??????? 
? ? 1??????????????????????
?-1.000???????????????????-0.804
??????????????????????Table 5??
?? 1??????????????????????
?????????????????????????
Table 3? ???????? ???? ?????????????????2005b???? ??? 
Locations, characteristics of Yatsu, morphological and physical environmental properties of main canals (retouched and modified from Koizumi 
et al. (2005b)) 
 
   ?????? 2002? 6?????? ??? ?? ??? 2003? 7??????  
 
??
??
?m?
? ? ? ? ? ? ? ? ? ? ? ?
?????
???
?ha?
A
????
?km?
B
???
?m?
A/B?10
????
1??
0???????
???
?cm?
???
????
?cm?
???
??????
?cm?
??
????
?cm?
??
??????
?cm?
??
?????
1?10?20cm/s
2?20?30cm/s
??1 0 ? ? ? 0 0 93 24 34 22 1 9
??2 44 ? ? ? 1 0 187 130 21 8 1 8
??5 459 36.2 6.8 53.6 0 0 93 29 15 10 2 29
??7 745 4.4 0.8 55.3 1 73 54 3 4 3 1 4
??12 1,369 7.2 1.6 44.2 0 37 83 29 13 6 1 7
??14 1,689 3.9 0.7 55.5 0 40 64 9 5 3 2 5
??16 1,883 5.8 1.8 32.8 0 50 71 34 8 5 1 9
??18 2,165 13.5 3.0 44.3 0 60 89 53 8 7 1 17
??20 2,260 9.5 2.9 33.0 1 45 99 25 14 5 1 7
??23 2,784 2.3 0.7 34.1 1 61 63 34 7 5 1 5
??24 2,884 7.0 1.8 38.1 0 55 101 45 11 7 1 10
??25 2,947 10.5 3.2 33.2 1 0 90 33 13 5 2 8
??27 3,071 4.2 1.5 27.8 1 20 51 12 9 3 2 4
 
 
Fig.2? ????????????????????? 
Borderlines set for calculation of Yatsu-properties (Black bold lines) 
 
Table 4? ???????case-A? 
Canonical correlation coefficients (case-A) 
N
??5
??7 ??12
??14
??18
??16
??20
??24
??23
??25
??27
?????? χ2 ??? p?
?1? 1.000 1 612.1 33 0.000
?2? 0.820 133.5 20 0.000
Table 5? ?????case-A? 
Canonical loadings (case-A) 
 
?? ?1? ?2?
??????
?? -0.405 -0.893
???????/10m2? -1.000 0.000
TL5cm???????? 0.383 -0.132
??????
????? -0.379 -0.233
???? -0.360 -0.691
??? -0.018 -0.586
???? -0.179 -0.622
????? 0.058 -0.130
???? -0.804 0.053
??????? -0.502 -0.060
??? -0.632 0.135
?? -0.030 -0.630
?????? -0.146 -0.145
??????? 0.048 -0.504
?????????0.65????
? ? ?
? ?? ?
,
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??????????????Norman and Streiner, 2005?
?????????????????????????
??????????????????? 1986??
1996??????????????????????
0.437????????????? 0.148???? 
? ????? 2??????????????????
?????????????????????Table 5??
??????????? 0.182?0.122???? 
? ????????????????????????
????????????????????? Fig. 3?4
?Fig. 3??????????????Fig. 4?????
?????????????????????????
?????????????????????????
???????????????????????Fig. 3??
?????????????????Fig. 4??????
?????????????????????????
??????????0.80?p ?<0.01?????????
??????????????????? 
? Table 6?7? case-B????????case-C?????
??????????? case????????case-A?
???????case-B???????????????
? 1????????????????????????
?????? 2??????????????????
?????????????????????????
????? Table 8???? 
? case-A?????????????????????
? Fig. 5?6?Fig. 5??????????????Fig. 6
?????????????????????????
case-A?????????????????case-A??
?????????????????????????
??????????????case-B ?? 0.81?case-C
?? 0.79 ??????? p ?<0.01??????????
????? case-A??????? case-B?C?????
????????????Table 7??????????
?????????????????????????
?????????????????????????
????Table 7?? 
? ?????????????????????Katano et 
al.?2003??????????????????????
?????????????????????????
????????????????????????
Katano et al.?2003??????????????????
?????????????????????????
???????????????????Table 5?7??
???????????????????????? 3/4
 
Fig.3? ?????????????????case-A? 
Density of loach and density of total of all species (case-A) 
10
100
1,000
10,000
10 100 1,000 10,000
?
?
?
?
?
?
?
/10
m2
?
??????????/10m2?
 
Fig.4? ?????????????case-A? 
Density of field gudgeon and number of species (case-A) 
1
3
5
7
9
1 10 100 1,000
?
?
??????????/10m2?
Table 6? ?????????????case-B? ??????
?case-C?? 
Canonical correlation coefficients (irrigation period (case-B),
non-irrigation period (case-C)) 
?????? χ2 ??? p?
????? ?1? 1.000 3,804.7 30 0.000
?2? 0.792 116.8 18 0.000
?????? ?1? 1.000 65,535.0 30 0.000
?2? 0.821 134.2 18 0.000
Table 7? ???????????case-B????????case-C??
Canonical loadings (irrigation period (case-B), non-irrigation
period (case-C)) 
??
????? ??????
?1? ?2? ?1? ?2?
??????
?? -0.359 -0.914 -0.533 -0.842
??????
? /10m2? -1.000 0.000 -1.000 0.000
TL5cm?????
??? 0.406 -0.101 0.216 -0.064
??????
????? -0.178 -0.333 -0.585 -0.065
??? ? ? -0.095 -0.532
???? -0.302 -0.601 -0.468 -0.781
??? 0.032 -0.431 -0.069 -0.544
???? -0.038 -0.551 -0.191 -0.531
????? 0.044 -0.178 ? ?
???? -0.694 -0.018 -0.933 0.156
??????? -0.359 -0.149 -0.644 0.028
??? -0.780 0.150 -0.353 -0.056
?? -0.004 -0.516 ? ?
?????? ? ? -0.038 -0.265
??????? 0.075 -0.560 -0.029 -0.413
Table 8? ????????????case-B? ??????
?case-C?? 
Redundancy coefficients (irrigation period (case-B), non-irrigation
period (case-C)) 
????
????? ??????
?1? ?2? ?1? ?2?
?????? 0.431 0.176 0.443 0.160
?????? 0.135 0.101 0.202 0.118
?
?
? ?
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?????????????????????????
?????????????????? 
  ｂ TWINSPAN と多次元尺度法 
 (1) TWINSPAN 
? case-A?C???? Fig. 7????(a)?(c)?????
?????????????????????????
??????? 4?????????????????
????????????????TWINSPAN????
?????????????????????????
??????????????? 
? case-A?C??????????case-A? B????
????????????case-C??????????
?????????????????????????
???????????????????? 2005b??
?????????????????????????
?????????????????????????
?????????????????????????
??????????????????? case-A?B?
???????? 
? case-A?B?Fig. 7????????????????
??????case-A????????????????
?????????????????????????
case???????????????????????
 
Fig.5? ?????????????????????????
??? ?case-B? ?????? ?case-C?? 
Density of loach and Japanese killifish, and density of total of all
species (irrigation period (case-B), non-irrigation period (case-C))
10 
100 
1000 
10000 
10 100 1000 10000 
?
?
?
?
?
?
?
/10
m2
?
??????????????/10m2?
????????????
???????????
????????????
1, 00 ,0 0
1,
10,
? ? ??/10m2?
?
?
?
?
?
?
?
/10
m2
?
 
Fig.6? ????????????????????case-C?? 
Density of field gudgeon and number of species (non-irrigation  
period (case-C)) 
1
3
5
7
9
1 10 100 1,000
?
?
??????????/10m2?
 
 
 
Fig.7? TWINSPAN?????????????? 
Result of TWINSPAN and location of classified canals 
N
??18
??24
??14
??16
??27
??7
??20
??23
??25
??5
??1
??2
??12
???????
?????
????????
??????
?????????
??????
????
????
????
??????
????
????
???
????
?????????
(a)  case-A
N
??18
??24
??7
??14
??16
??27
??20
??23
??25
??5
??1
??2
??12
????
?????????
??????
?????
????????
?????????
????
??????
???
????
????
??????
(b)  case-B
N
????
????
????
????
???????
??????
????
?????
?????????
????????
??????
?????????????????????????
?
??1
??20
??25
??18
??24
??2
??7
??14
??16
??23
??27
??5
??12
(c)  case-C
?
?
?
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?????????????????????????
?????????????????????????
?????????????? 2005b????????
??????case-A????????????????
??????? case-A?????????Fig. 7(a)????
???????????????????? 
? ?????????????????????????
???????? 2?????????????????
????????????僅? 2??Table 1?????
?????????????????????????
?????????????????????????
?Table 2?Fig. 1??????????????????
?????????????????????????
???????Table 2?Fig. 1?? 
? ?????????????????????????
??????????????????????????
??????????????????????????3
?????????????????????????
?????? 5 ??????Table 2?????????
?????????????????????????
? 1996?????????? 2??????????
?????????????????????? 1996?
??????????????????? 2??????
????????????5?7 ???????????
?????????????????????????
??????????? 3?????????????
??????????????Table 2?Fig. 1?? 
? ?????????????????????Fig. 7(a)?
(b)?????case-A?B???????????????
?????4 ???????????????????
?????????????????????????
??????????????????????????
???????????????????? 5????
?????????????????????????
????????????????????? Fig. 7(a)?
(b)?????????????????????? 2 ?
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????Fig. 7(a)?
(b)????????????????????????
?????????????????????????
????????????????????? 
 (2) 多次元尺度法 
? TWINSPAN ?????????????????
case-A????????? Fig. 8??????????
????????????? RSQ??????????
??????????? 1991???1 ???????
???????? 2001??? 0.990????????? 
? ??????????????????????? 1
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
????????????????????????? 
? Fig. 8 ?????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
????? TWINSPAN?????????????? 
? Fig. 9??? TWINSPAN?case-A??????????
????????????????????????
??4 ??????????????????????
???????????????? 1?2?12??????
?????????????????????????
??????????TWINSPAN??????????
?????????????????????????
?????????????????????????
??????????? 1?2?5?12????????
?????????????????????? 20?23?
25????????????????????????
???TWINSPAN?????????????????
?????????????????????Table 3?
??????????????????????????
???????????????? 
  ｃ メダカ・モツゴ、タモロコが指標する水路の環 
境 
? ?????TWINSPAN??????????????
?????????????????????????
????????????????????????? 
? ??????????????????? 3????
????????????????????? 1????
????????????????????G1?????
???????????????G2??????????
??????G3??????3 ????????????
?Fig. 7(a)?????? 1?????????G1?3??
 
Fig.8? ?????????????????case-A? 
Result of Multidimensional scaling, ALSCAL (case-A) 
-2
-1
0
1
2
3
-3 -2 -1 0 1 2
??????
????
????
??????????
?????? ???? ????
???
?????????
?????????????
???????
??1
?
?
2
?
?
?
?
?
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???G1 ??????????=G2+G3???????
?????????G2?G3????????????
??????Fig. 7(a)????????????????
?????????????????????
TWINSPAN ???????????????????
?????????????????????????
?????????????????? 2????????
????????????????????????G4??
? G4?????????? G5?????????????
??? 3???????????????????G6???
G6 ???????????G7????????????
???? 1?3 ????????????????
Table 9???????? 
? ??????????Table 3????????????
?????????????????????????
?? Table 9 ???????????????????
????????? 1??? 2????????? 3?
??Table 3???G1? G4? n? 2?????????
????????? 3???????????????
??????????????? 2008?SSRI?????? 
? Table 10??? 1????????????????
????????????????????? 3????
??????????????????G1? G2???
????????G1? G3?????????????
?????????????????????
Kruskal-Wallis test????????????p?? 0.063
????????????????? p??Table 3??
?????????G1 ???????????????
?????????????????????????
?????????????????????????
????????????????? 
? ?? 2 ??????? Table 11 ??????????
G4 ? G5 ?????????????????????
??????? 4 ???????????????? 4
?????? 1???????????????Table 10?
???????????????Table 3???????
????G4?????????????????????
?????????????????????????
 
Fig.9? ??????????????????? TWINSPAN??????case-A? ???????????? ???????
??????  
Results of Multidimensional scaling, ALSCAL and TWINSPAN (case-A).  Left: classification of species superimposed. Right: classification of 
canals superimposed. 
-2
-1
0
1
2
3
-3 -2 -1 0 1 2
??????
????
????
??????????
?????? ???? ????
???
?????????
?????????????
???????
?
?
2
-2
-1
0
1
2
3
-3 -2 -1 0 1 2
??????
????
????
??????????
?????? ???? ????
???
?????????
?????????????
???????
??1
?
?
2
??20?
23?25
??1?2?12 ??7?14?16?18?24?27
??5
??1
Table 9? TWINSPAN????????????????????? 
Classifications of canals using the indicator species in TWINSPAN and methods used for comparison 
 
?? ????????????????? ? ? ? ? ? ?
??1
G1???1?2?5?12 ???????????????
Kruskal- Wallis test?Steel-DwassG2???20?23?25 ????????????
G3???7?14?16?18?24?27 G1???G2??
??2 G4???1?2?5?12 ??????????????? Mann-Whitney's U-testG5???7?14?16?18?20?23?24?25?27 G4??
??3 G6???1?2?5?12?20?23?25 ?????
?????
Mann-Whitney's U-testG7???7?14?16?18?24?27 G6??
Table 10? ?? 1?????????????? 
Comparison of environmental properties of three groups in 
the classification-1 
?? Kruskal-Wallis test
?????Steel-Dwass?
G1:G2 G1:G3 G2:G3
???? * 0.084 * 0.553 
???? 0.119 0.155 0.961 0.171 
??? 0.063 0.356 * 0.862 
??????? 0.222 0.753 0.198 0.716 
????????? 0.882 0.932 0.795 0.991
?????? * 0.240 * 0.394 
???????? * 0.070 0.076 0.901
??????? 0.959 0.973 0.961 1.000
??? p??*?p< 0.05?**?p < 0.01?
?
? ?
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?????????????????????????
??????????????????? 
? ?? 3??????? Table 12??????????
?????????????????????????
????????? p ?? 0.060 ??????????
???Table 3???????????G6??????
?????????????????????????
?????????????????????????
?????????? 
? ?? 1?3???????Table 10?12???????
????? 1?? 3????????????????
??????????????????? G1?3???
?????????????????????????
????? 2??? 3??TWINSPAN????????
?????????????????????????
?????????????????????????
?? 
? ?????? 2 ? 3 ???????Table 11?12??
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????? 
 ６ まとめ?
? ????????????????????????
???????????TWINSPAN?????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
????? 
? ???????????????????????
Katano et al.?2003?????????????????
?????????????????????????
?????????????????????????
???? Katano et al.?2003?????????????
?????????????????????????
??????????????????????? 
? TWINSPAN???????????????????
?????????????TWINSPAN???????
?????????????????????????
?????????????????????????
?????????????????????????
??????????????? 
? ?????????????TWINSPAN??????
?????????????????????????
??????????????????????????
??????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
???????? 
? ?????????????????????????
?????????????????? 
 
Ⅲ 水路における魚類の移動とそのモデル化 
 
 １ はじめに?
? ????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????? 4????????????Ⅰ?
?３??????????? 2????????????
??????????????????????????
Table 11? ?? 2?????????????? 
Comparison of environmental properties of two groups in the
classification-2 
 
?? Mann-Whitney's U-test
???? **
???? 0.327 
??? *
??????? 0.122 
????????? 0.757 
?????? *
???????? *
??????? 0.773
???p??*?p<0.05?**?p<0.01?
Table 12? ?? 3?????????????? 
Comparison of environmental properties of three groups in thec
lassification-3 
 
?? Mann-Whitney's U-test
???? 0.317
??? 0.273 
???? 0.313 
??? 0.715
???? 0.410 
??? 0.060
??????? 0.116
????????? 0.616
?????? *
???????? 0.093 
??????? 0.859
???p??*?p<0.05?**?p<0.01?
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?????????????????????????
??????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
????????????????????????
?????????????????????????
?????????????????????????
???? 
? ????????????????????????
??????????????????????????
?????????????????????? 
 
 ２ タモロコ?
? ????????????????????????
?????????????????????????
????????????? 1989??????????
?????????? 1939?1941??????????
???????? 1955??????????????
??????????????????????????
? 1957??????????????????????
?????????????????? 1989?? 
? ????????????????????????
?????Katano et al.?2003?????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
????? 1996????????? 1,250??????
?????????????????????????
???? 2009?????????? 156???????
?????????????? 4??????????
??? ?? 2012.1.26?? 
? ????????????????????????
?????????????????????????
4?7???? 1955????????????????
???????????????? 1989?????2002?
?????????????????????????
?????????????????????????
????????????????????????
?2005a????????????????? SI ???
?????0%??????25?75%?????????
?????????????????????????
?????????????????????????
?????????? 
? ????????????? 1??????????
??? 9 ??????????????? 6?7cm ??
?????????????????????????
?????? 2?? 9?10cm????????????
??????? 1969?? 
 ３ 移動調査 
  ａ 対象水路?
? ???????????? Fig. 1??? 1?????
25 ????????????St.1???St.2???????
?????St.1?St.2????????Fig. 1?????
???????? 2005b??????????????
??????????????????????????
???? 
? ? St????? Fig. 10????St.1?St.2?????
???????????St?????????????
?????????????????????????
??????????St.1 ?? 80cm ????????
???????St.2 ????? 40?70cm ??????
?????????????????????????
?????????????????????????
?????????St1?St.2???????????6.5mm?
? 4.0mm?????????????????????
?Fig. 10????????????????2005b???
?????????????????????????
?????????????????????????
????????????????????????
??? 700m?? 950m????Fig. 10?? 
  ｂ 調査方法 
? ????????????????????????
???????????????????????????
? 1???????????????? 1?2?????
???????????????????? Table 13??
?????????????? Fig. 10????????
??????????????? 10?????????
?? 2004? 7? 20?21?????????St.1?? 2005
? 7? 28?迄?St.2?? 2005? 6? 9?迄???? 44
??? 37???????????? 
? ????????????????????????
????????? 4???????? 1???? 5?
????? 4 ???????NMT ?? VIE ?????
?????????????????????????
2-????????????????????????
?????????????????????????
?????????????????????????
??????????????????????? 1?
?????????????????????????
???? 
? ?????Fig. 10?????????????????
4mm???????????? 20cm????? 50cm?
???? 15cm??????????????SMITH-ROOT
?? 12B??????????40cm????2mm???
?????????????????????????
????????????????? 
  ｃ 得られた観察値 
? ???????????????????????
?
?
?
?
?
?
?
?
?
?
126 農村工学研究所報告　第 52 号　（2013）
Table 14 ????????????????2 ????
?????????????????????????
???????????????? 600m ??????
400m ??????????????????????
?? 2006???????? 1????????????
?????????????????????????
?????????????????????????
?????????????????? 
? 2?????????????? 31??????Table 
14??????????????? 1?????????
??????????????????????????
?????????????????????????
??????????????????????????
?????? 30?????????1????????
? 2??????????迄????????????
???????????????????????????
?????????????????????????
?????????????????????????
?????????7??? 3??2??? 4?????
?????Table 14??3???????????????
?????????????????????????
?????????????????????????
?????????????????????????
????????????St.1? St.2????????
????????????????F test?p=0.093???
???????????? 
  ｄ 観察値のカテゴリー分け 
? ???????????????? Fig. 11?????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?Fig. 11???????1?20 ?????????2?20
??? 100?????????3?100????????
?????????????????????????
????12?12?6 ????????????????
?????????????????????????
 
Fig.10? ??????????St.1?St.2? 
Target canals for the survey of moving distance (St.1 and St.2) 
0 100 200m
?????
??
N
St.1
0 125 250m N
?????
??
St.2
????
???????????
???
???
St.1
St.2
N
???
1km0
Table 13? ???????? 
Released marked individuals  
 
???
??（mm?
?? ?? ?? ????
St.1 100 35 80 59 8 
St.2 140 40 60 60 8 
Table 14? ????????????????? 
Number of marked individuals each recaptured times  
 
???? St.1 St.2 ?
1 34 33 67
2 5 17 22
3 2 5 7
4 0 2 2
? 41 57 98
?
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?????????????? 
? Fig. 12 ????????????????????
?????????????????????????
??????????? 0m ????????????
?????????????????????????
????????????????????? 10?50?
220????? 
? ????????????????????????
?????????????????????????
??????????????????????????
?????????????????????????
?????????????????????????
1,000?10,000???????????????????
?????????????????????????
?????????????????????????
???????????????????????? 1
?????????????????????????
???????(3)??? ????????????
?1??????????????????2?????
????????????? 5???????????
?????????????????????????
?????????????????????? 
? ?????????????????2 ??????
??????????50???1??????????
????????????????? 12???????
?????2?????Table 15???????????
?????????????????????????
???????? 6????????????????
???? 4 ?????200 ?????????????
???????????3?????????Table 16?
??????????????? X?????????
???????????0m?????????????
????Mi?????????(3)?????? 
 
? ????? X??????????= (3) 
 
 ????????1 ???????????????
10??? 1????????????????????
????????????3??????????? 20
?22????????????????? X??(3)??
?????????????????????????
?????????????????????????
????????????????????????2
???????????????3 ?????????
???????????? 
 
 ４ 移動のモデル化 
  ａ 正規分布のあてはめ?
? ????????????Solomon and Templeton
1976?Riley et al. 1992?Nakamura et al. 2002????
 
Fig.11? ?????1????????? 2?????????
?迄????????????????? 
Elapsed days, from first time to second time recapture, and number of 
individuals 
0
3
6
9
12
15
-20
20
-40
40
-60
60
-80
80
-10
0
10
0-1
20
12
0-1
40
14
0-1
60
16
0-1
80
18
0-2
00
20
0-2
20
22
0-2
40
24
0-2
60
?
?
?
?
?
?
?
?
?????d?
 
Fig.12? ???????????????????????
????????1?20??? ?????2?20?
?? 100??? ?????3?100??? ????
???????? 
Distance and Elapsed days between second time recapture and first 
time recapture of following categories: less than 20 days, 20 days 
or more and less than 100 days, and 100 days or more. Error bars 
indicate standard deviations. 
-300 
0 
300 
0 100 200 300 
?
?
?
?
?
m?
?????d?
100
200
-100
-200
??????
?????1
?????2
?????3
Table 15? ?????2??????????? 
Observation records which correspond to category 2 
 
???? ?????m? ?????d?
1 -190 21 
2 -172 27 
3 -196 28 
4 396 29 
5 0 33 
6 0 35 
7 23 54 
8 -54 56 
9 59 61 
10 0 61 
11 93 90 
12 123 90 
 X
i
iM
1
Table 16? ?????3??????????? 
Observation records which correspond to category 3 
 
???? ?????m? ?????d?
1 -133 141 
2 212 230 
3 -141 237 
4 -188 244 
5 0 244 
6 384 251 
?
? ?
Ⅳ?
? ? ?
?
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2004???? 2008????????????????
?????????????0m???????????
??????????? 1978???????????
?????????????????????????
??????????????????????2006?
?????????????????????????
?????????????????2 ???????
?????????????????????????
????????????????????(4)????
???? 1978?? 
? 2
2
2
)(exp2
1)( σ
μx
σπxf ?  (4) 
????μ?σ?????????????
????????????????????????
??????????????????Fig. 13?????
????????????Win v7.0La????????
?????????????????????????
???????????????????????? μ?
7m????? σ?163m ??????????????
???????????Fig. 14????????????
??????????????????????SPSS 
ver15.0?????? 2001?????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????
  ｂ 正規乱数の導入?
? ?????????????????????????
???????????? 2 ?????? r1?r2???
?0?1??????(5)?(6)????? μ????? σ ?
??????? 2 ???? z1?z2???????????
???????????? 1984??? 1992?? 
? μrπ2cosrlog2σz 211 += ?  (5) 
? μrπ2sinrlog2σz 212 += ?  (6) 
? ?????1??????????????? μ? 0m?
???? σ ?????? 25?500m ??????? 25m
??????????????????1,000 ????
????? 
? 1 ???????????????????????
????????? z1?z2?????????????
????????0?1??? 0.5???????????
? z1?z2?????????????????????
?????????????????????????
100m??????-550m ????????550m ???
?????????????????? C???? O?
???C?O?????????(7)??????????
??????????????? 1?????????
???????? 1,000??????? 
? ??=??C?O?2?  (7) 
? ???????????????????1,000 ??
??????????????????????????
??????????????? 
  ｃ 定住型個体と移動型個体?
? ?Ⅰ??????????????????????
???????Gerking?1959?? Funk?1957??????
??????????????????????????
?????????????????????????
?????????Nakamura et al., 2002???? 2006?
??? 2008?????????2006?????????
?????????????????????????
????????????Gerking?1959????????
Fig.13? ?????2???????????????? 
Normal probability plot of observed distances correspond 
tocategory 2 
 
Fig.14? ?????2????????????????
?????? 
Observed number of individuals of category 2 and calculated 
value by application of normal distribution 
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?????????????????????????
?????????????????????????
2 ????????????????????????
?????????????????????????
?????????????????????????
??????????????????? 
? ?????????????????????????
???????a:1-a????????????? σ m?σ’m
?????σ ?σ’??????? 0m?????????
??1 ??????????????????????
???????????????0?1??? a?????
?????????????????????????
?????????????????????????
?????????????????????????
?????????? 
? ??????σ ?σ’???????? 25?500m?25m
??????????????????σ =25m????
σ’ =50m?75m?????475m?500m??????????
?????????? 190 ???=20C2????????
??????????????????0.25:0.75??
?0.50:0.50?? 0.75:0.25?? 3????????????
??????????????????(3)???????
1 ????????????????????????
??????????????? 
 
 ５ 結果及び考察 
  ａ 1,000 回の試行で得られた最小誤差 
?????????2??????????????
Table 17????Table 17?b??????? 2?????
??????????????? 
????????????????????????
???????? 0 ???????0.25:0.75?? 1 ??
????0.50:0.50?? 2 ??????0.75:0.25?? 4 ?
????????????????? 1???????
?????????????????????????
?????????????????????? 
? ????????????????????Table 17??
??????????σ m?σ’ m???????????
?????????????????????????
?????????????????????????
?????????????????????????
???????? 
  ｂ 存在割合とパラメータσおよびσ’の設定 
? ????????????????????????
???????Table 18???????????????
????????????Table 19???????1.00:0.00?
??2 ??????????????????????
?????????????????????????
?????????0.25:0.75????0.50:0.50????0.75:0.25?
???????????Table 18??2????????
???????????????? 
? 2??????????????????????
3.74?4.28?????????????????????
?????0.75:0.25????? 4????????Table 
18??Gerking?1959?????????????? 1/3?0
????????????2009???????????
??????????????? 1?3???????
?????????????????????????
?????0.75:0.25????????????????
? σ??? σ’???????????? 
? ??????????? 4 ????Table 19????
??σ =100?175m?σ’ =225?500m???????? 150m?
325m????Fig. 15???????0.75:0.25??σ =150m?
σ’ =325m????????????????? 1,000?
?????????????????????????
?????????????????????????
???????????????? 6??? 4????
?1?????? 50????????(3)????????
?????????3?????????????? 220
???????????????????? 
  ｃ モデルの妥当性 
? ?????6????????????4?????200
????????????????? 1,000 ?????
????Fig. 16??????????????????
?????????????????????????
??3 ??????????????????????
?????????????????????????
?????p=0.999?????????????????
?????????????????????????
?????? 
? ????????????????????????
? 1???????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
??????????? Oncorhynchus masou rhodurus?
????? Nakano et al.?1990????????????
?????????????????????????
??????????? Salvelinus leucomaenis????
??Nakamura et al.?2002??????????????? 
? ????????????????????????
?????????????? 1969?????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
??????????? 
?
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 Table 17? ????1,000?????????? ???????????????????
Minimum error for observed among 1,000 repetition calculations in each case 
 
??????????????????m?
25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
m?
25 34
50 16 10
75 8 4 4
100 4 2 2 2
125 2 2 2 2 2
150 2 2 2 2 2 2
175 2 2 2 2 2 2 2
200 4 2 2 2 2 2 0 2
225 4 4 2 2 2 2 2 2 2
250 2 2 2 2 2 4 2 4 4 4
275 4 2 2 2 2 2 4 2 2 4 2
300 4 2 2 2 2 2 4 4 4 2 4 4
325 4 2 4 2 2 4 4 4 4 4 4 4 6
350 2 2 2 4 2 4 4 2 4 4 4 6 6 6
375 2 4 2 2 2 2 4 0 4 6 4 4 4 6 6
400 6 4 2 2 4 4 2 4 4 8 4 4 6 6 8 6
425 4 4 2 2 2 2 2 4 4 4 6 6 6 6 8 4 8
450 6 4 4 4 4 4 2 4 4 2 4 4 6 6 4 6 4 6
475 4 4 4 4 4 4 4 4 4 4 6 6 4 4 6 6 8 8 6
500 4 4 4 2 4 4 4 4 6 4 8 6 6 6 6 6 10 6 6 8
(b)????=0.50:0.50??????????2????????????????????
??????????????????m?
25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
m?
50 10
75 6 2
100 2 2 2
125 2 2 2 2
150 2 2 2 2 2
175 2 2 2 2 2 2
200 2 2 2 2 2 2 2
225 2 2 2 2 2 4 2 2
250 2 2 4 2 4 2 2 4 2
275 2 2 2 2 4 4 2 4 4 4
300 2 4 4 2 2 2 4 4 2 4 4
325 2 2 2 4 4 4 4 4 4 2 4 4
350 4 4 4 4 4 2 2 4 4 6 4 4 4
375 4 2 2 4 2 4 4 4 2 6 6 8 6 6
400 2 0 2 4 4 6 6 8 4 6 4 8 4 4 6
425 4 2 4 4 4 6 6 2 6 4 6 8 6 6 6 8
450 6 4 4 4 4 2 6 6 8 4 8 8 6 8 6 8 8
475 6 4 4 6 4 4 6 6 10 8 8 6 8 6 8 4 8 10
500 4 4 6 8 6 4 4 6 6 6 10 8 8 8 6 6 10 6 8
(a)????=0.25:0.75
??????????????????m?
25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
m?
50 20
75 16 4
100 6 4 4
125 8 2 2 2
150 8 4 2 2 2
175 6 2 2 2 2 2
200 6 2 2 2 2 2 2
225 4 2 2 2 2 2 0 2
250 8 2 2 2 2 2 2 2 2
275 6 4 2 2 2 2 0 2 4 2
300 6 4 4 2 2 0 2 4 2 4 6
325 10 2 4 2 2 2 2 4 4 6 4 2
350 8 4 4 2 2 2 2 2 4 2 4 4 6
375 6 4 4 2 2 2 4 4 2 4 4 4 4 8
400 8 4 2 2 2 2 2 4 2 2 4 6 8 4 6
425 8 4 4 2 2 4 2 4 4 4 6 6 4 4 4 8
450 4 2 2 2 2 2 2 4 4 4 4 6 4 8 6 8 6
475 6 4 4 2 2 2 2 4 2 4 4 6 6 4 4 6 8 6
500 8 4 2 0 2 4 2 2 2 6 4 6 6 6 6 6 6 6 10
(c)????=0.75:0.25
?
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? ????????????????????????
?????????????????????????
????? 1m ??????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
???????????????????????? 
 
 ６ まとめ 
? ????????????????????????
?????????????????????????
???????????????????????? 
? ????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
??????????????????????????
????????????????????????遡
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
???? 
 
Ⅳ ネットワークモデルの開発とシナリオ分析 
 
 １ はじめに?
? ????????????????????????
?????????????????????????
???????????????????Ⅰ??３??
????????????????????????? 
? ??????２?????３???????????
?????????????????????????
???? r???????? K???????????
Table 18? ??????????????? ???????
??????????? 
Average and standard deviation of minimum errors of all cases in 
each setting of existence rate, and number of cases in which 
minimum error is zero 
 
???????????????????
1.00：0.00 0.25：0.75 0.50：0.50 0.75：0.25
N?????? 20 190 190 190 
??????? 6.10 4.28 3.74 3.83 
???? 6.83 2.20 1.92 2.50 
???????
????? 0 1 2 4 
Table 19? ?????????????????????? 
Combinations of existence rate and standard deviations of sedentary 
type and ambulant type, in which a calculation indicated the error 
was zero  
 
????????
??????m?
????????
??????m?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
0.25：0.75 50 400
0.50：0.50 175 200
0.50：0.50 200 375
0.75：0.25 100 500
0.75：0.25 150 300
0.75：0.25 175 225
0.75：0.25 175 275
 
Fig.15 ?????????????????0.75?0.25 σ 
=150(m) σ’=325(m) ????????? ?????
???
Calculated values when the existence rate of 2 types, sedentary 
type and ambulant type, is set as 0.75 to 0.25, σ is set as 150m and 
σ’ is set as 325m. And observed number of individuals 
0
1
2
3
4
5
〜
-55
0
-55
0〜
-45
0
-45
0 〜
-35
0
-35
0〜
-25
0
-25
0 〜
-15
0
-15
0〜
-50
-50
〜
50
50
〜
15
0
15
0〜
250
25
0 〜
350
35
0〜
450
45
0 〜
550
55
0〜
?
?
?
?????m?
???
?????????????
?????????????
 
Fig.16 ?????????????????0.75?0.25 σ?
=150(m) σ’?=325(m) ??????4???????
???? ?????????3??????
Calculated values when 4 unit times elapse. In this case, the 
existence rate of 2 types, sedentary type and ambulant type, σ?is 
set as 0.75 to 0.25, σ is set as 150m and σ’ is set as 325m. And 
observed number of individuals of category 3 
0
1
2
3
?
-55
0
-55
0?
-45
0
-45
0 ?
-35
0
-35
0?
-25
0
-25
0 ?
-15
0
-15
0?
-50
-50
?
50
50
?
15
0
15
0?
250
25
0 ?
350
35
0?
450
45
0 ?
550
55
0?
?
?
?
??????????????m?
????????????m?
???
?????????????
?????????????
?
?
?
?
?
?
?
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?????????????????????????
?????????????????????????
?????????４???????????????
?????????????????遡???????
?????????遡?????????????????
??????????????????????????
??????????５??????????????
?????????????????????????
?????????????????????????
??????????????? 
 
 ２ 自然増加率 r?
? ? ａ? ロジスティック型増殖モデルの利用 
? ????????????????????????
?????????????????????????
??????????Ⅰ??????????????
??????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?? 1??????????????????????
?????????????????????????
?????????????????????????
???????????(8)????????????
??????? rt??????????????????
??????????????????????????
????????(9)??? t+1?????? Nt+1???
????? 2004??????????????????
??????????(10)?????????????
???????? 2007?? 
? rt=r0(1-Nt /K)? (8) 
? Nt+1=[1+r0(1-Nt /K)]Nt? (9) 
? Nt=N0ert (10) 
 ????r0?????????K ???????N0?
???????e??????????? 
? ?????????????Nt+1? Nt? er?????
??????????????????r ??????
?????????????????????????
?????????????????????????
??Mackenzie et al., 2001??????????????
?? r???????????????????????
?????????????????????????
???r0??????? r0?????????????
??Intrinsic rate of natural increase???????????
?????????????????????????
?????????????????????????
?????????????????????????
????????????Mackenzie et al., 2001????
????????? K?carrying capacity????? 
? ????????????????????????
?????????????????????????
????????????? r0? K? 2???????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????? 
  ｂ 既往知見とネットワークモデルでの利用におけ
る課題 
? r0???????????Fenchel?1974??Pauly?1984??
???????????????????????
?2007?????Fenchel?1974????????????
?????????Pauly?1984????????????
?????????????????????????
?????????????????????? r0??
????????????????????? 5?20?
?????????????????????????
?????????????????????? 
? ??????????? r0 ????????????
?????????????????????????
?????????????????2007??????
????????????????????r0????
???????????????????? 2004???
?????????????????????????
????? r0 ?????????????????
2004????????????????????????
??Hilborn and Walters, 1992?????????????
??????????? r0?????????????
????Froese et al., 2000??????????r0???
?????????????????????????
????????????????Froese et al.??2000?
?????????????????????????
?????????????????????????
?????????????????????????
??????????????r0??????????
???????????????????? 
? ????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
????????????r0????????????
?????????????????????????
?????????????????????????
?Ⅱ???Ⅲ???????????????????
?????????????????????????
?????????????????????????
?
?
?
?
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?????????????????????????
??????????????? 
  ｃ ネットワークモデルにおける自然増加率と検討
方法 
? ?(8)??????????????????????
????????????????????????r0
? rt?????????????? rt? r0??????
?????????????????????????
????????? r ???????????????
??? rt? r0?????????? r????????
?????????????????????????
???????????????? r0????????
??????????? r ?????????????
?????????????? 
 (1) 指数回帰式 
? ???????r ???????? Fenchel?1974??
Pauly?1984??????????????Fenchel?1974?
?????????????????(11)??????W 
(g)????????????????????????
?????Fenchel?1974???????????????
???????????????????????
Pauly?1984???????(12)????????????
?? w (g)??????(13)??????? 
? r = 70.88?W -0.27 (11) 
? r   9.13?w
? -0.26 (12) 
? w
?
 = (Wmax+Wm)/2 (13) 
? ????W?????(g)?Wmax????????(g)?
Wm??????(g)???? 
? ?(11)??(12)?? Fenchel?1974??Pauly?1984????
?????????????????????????
???????????? r ????????????
??????????(11)???(13)????????1969?
?????????????? 24.4(g)?????W??
? w? 1?30(g)??????????????????
???? r?????????????? 
 (2) コホート生命表 
? ????????????????????????
?????????????????????????
??????Table 20 ?????????????? r
???????Begon et al. 2003???????????
?????????????????????????
?? 2004?????????????????????
?????????????????????????
?????????? 
? ????????????????????????
??????????????????????????
??? 0?????? 1??????? 2???????
???????????? 2 ???????????
??? 1969????????????????????
? 0?2???????? i?0?2??????? j ??
??? Ni,j ????????????????????
???????????Begon et al. 2003???????
?????????????????????????
?????(14)??(15)???????????(16)??
? lj??? j???迄???????????????? 
? Ni,0 : Ni,1 : Ni,2 = Constant (14) 
? ? (15) 
? lj = Ni,j / Ni-j,0  ?i?j? (16) 
? ????Ni,0???????mj??? j? 1?????
?????????lj??? j????????????? 
? ???????????????????? N0,1?N0,2
???????????????? mj ??????mj
????????1979?????1969?????????
?????????????????????????
??????????N0,0 ?????????????
??????????????(17)?(19)???????
? r?Begon et al. 2003?????????? 
?  (17) 
? ? (18) 
? ? (19) 
? ????R0? 1?????????Tc???????
?????????????? 
???1979?????1969??????????????
?????? 1?1????? 50%??????????
??????????????? 
 (3) 現地調査と年齢組成の推定 
? ??????????????? 2????????
??????????????? 40?120cm??????
???????????? 2 ??????Fig. 1 ???
25?Fig. 10? St.2?????????????? 600m
????????????SMITH-ROOT ?? 12B ??
??????? 40cm??? 2mm??????????
??????Fig. 17????? 2008? 9? 9?11???
? 2009? 4? 7?8?? 2???????????? 1??
 2 101 j jj,i,i mNN
 2 1 0j jjc RmljT
cTRr 0ln
 2 10 j jj mlR
Table 20? ??????????????? N0,0=22,000 ?
? 2 case-A???? 
An example of cohort life table obtained by calculations (The 
example obtained under following conditions. N0,0=22,000 on 
survey-2 of case-A)  
j Nj lj mj lj?mj j?lj?mj 
0 22,000 1.0000 0 0.0000 0.0000 
1 64 0.0029 150 0.4364 0.4364 
2 55 0.0025 325 0.8125 1.6250 
 
?
? ?
?
?
?
?
?
?
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??? 2????? 1 ????????????????
?????????? 2??????????????
????????????????????? 
? ????2?3 ???????????? m ????
?????????????????????6.5mm?
??4.0mm????????????23?77m?????
15?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
??????????????????????????
???????????????Fig. 17?? 
? ??????? 1?? 294????? 2?? 211??
?????????????????????????
?????????????????????1999??
Hasselblad?1966???????????????????
?????????????????????????
?????????????????????????
??????????????????????????
?????????????????????????
?????????????????????????
???????? 
 (4) シミュレーション 
  (ⅰ) 生残率の変動 
? ?????? lj?mj???????????????
????Begon et al., 2003??????????????
?????????????????????????
???????揃?????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
r??????????? 
? ????????????????????????
????????????????????????
Salvelinus spp.???????????????????
?????????????????????????
??????????????????????????
?????????????????? Fig. 18???
?????? Lj??(20)??????????????
????????????L1? l1?????L2? l2?l1
?????????? 
? Lj=Nt,j / Nt-1,j-1 (20) 
? ???????????????? L1???????
??????????2004?????????????
???????????? 1g ??????? 1.7%??
???????? 5 ????????????? 2.4%?
???? 0.48%?4.7%?2 ?????????????
?????????????????????????
??????????????2009???2005????
??? 2006??????????1?????????
???? 11 ????????? 3.5%?5.6%?????
?????????????????1975??????
??????????????????? 1963?1973
????? 2???????????????????
??????????????????????????
L1????????0.33?4.4%???????????
?????L1?????????????????? 10
?????????????????????????
L2?????????????????1975?????
32?86%????????L1 ????????????
??????????????? 3?????????
????? 
? ????????????????????????
??Lj??????????????????????
??????????????????Fig. 18?????
????????? Lj???????????????
???????????Lj?????????????
?????????????????????????
????????????(21)???????????
?? 
? Lj=Lj min + X ??Lj max - Lj min?? (21) 
 
Fig.17? ??????????????? 
A target canal and sections for field survey  
 
  
Fig.18? ???????????????????? 
Calculation procedure for fluctuation of population 
i 0  1  2 ??? 20 
Ni,0 N0,0  N1,0  N2,0 ??? N20,0
Ni,1 N0,1  N1,1  N2,1 ??? N20,1
Ni,2 N0,2  N1,2  N2,2 ??? N20,2
? ? ?Lj??? ????????  
? ? ?mj??? j? 1??????????????????
??????20?? 
21
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? ????X?????????0?1???Lj min? Lj??
???????????Lj max??????j=1????
10?L1 min?j=2????3?L2 min????? 
  (ⅱ) ネットワーク化シナリオとシミュレーション 
 ????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
?????????????????????????
????? Age-1 ????????(22)???????
???????Fig. 18???????? 
? Ni,1=L1?Ni-1,0 + Nim ???i?1? (22) 
? ????Nim????????N0,1=Nim???? 
? Nim???case-1?10 ???case-2?100 ??????
?????????????????遡????????
遡????????????????????????
????????????????? 20???????
1,000 ??????????????????????
?? (23)??????????????????
?transitional_r???????? 
? transitional_r =ln )( ∑∑ 2 1= 0
2
1= iNN j j,j j,i  (23)?
 ｄ 結果および考察 
? ? (ⅰ) 指数回帰式 
Fenchel?1974??Pauly?1984?????????(11)?(12)?
? 1?30(g)??????????????? r ???
27.93?70.87?3.77?9.13 ????Fig. 19???????
er???? 1??????? 43.38??????????
???2 ??????? 2 ?????????????
?????????????????????????
????????(13)? Wmax??? Wm???????
???? 1969??? 24.4(g)?1.7(g)??????? er
?? 100?????????????????????
?????????????????????????
?????????????????????????
??????????????????????? 
? ?????????????????????2006??
??????2007?????????????????
?????????????????????????
??1?57?????????? 2?????????ln57
? r????????? 4????Pauly?1984?????
??????????????????????????
?????????????????????????
????????????????????? 4???
?????????????????? 2???????
ln2?? 0.7????????????????????
r?????? Pauly?1984??????????????
?????????????????????????
????? 
? ? (ⅱ) 安定齢構成の仮定による計算条件の検討 
? ?? 1??? 2 ?????????????????
????????????????? Fig. 20?????
?? Fig. 21????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
1 ???????????????? 1969?????
?????????????????? 1 ??????
?Age-1???2 ???????Age-2??????????
??????????? Age-1???????????
???Age-1?Age-2????????????????
?????????????????????? 
? ????????????????????????
?????????Fig. 21????????????
?case-A??????????1969????? Age-1? Age-2
???? 90mm ?????????? Age-1?????
? Age-2 ??????????case-B??????case-B
?????? 90mm????????????????
?? l2?L2???????????????????? 
? ??? case??????????????(14)?(15)?
??? N0,0?1,000?35,000 ???? 1,000 ??????
???????????Table 20?????????l1?
l2??? r???????(16)?(19)?Fig. 22?Fig. 23??
???????? N0,0???? 1?? l1??? l2???
? 2 ?? r ??????????N0,0????????
?? r????????case-A? case-B???????
r??????????????case????????
? case-A ?? l1 > l2???? N0,0??????????
????? 1??? 2????N0,0 > 21,000?N0,0 > 20,000
?????????????????????????
???????????????????r?0????
??????N0,0 < 32,000?N0,0 < 24,000?????? 2
 
Fig.19? ???????? r????  
Calculated values of r by exponential regression equations 
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?
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??????????????? 1?????????
?????????????????? 2??????
?????case-A ????N0,0??????? 20,000?
24,000???????????????L1?L2? Table 21
??????????
? ???case-B ????? 1??? 2 ????case-A ?
??? N0,0?????????????????????
r?0 ???????????3,000?33,000?2,000?
24,000????case-A????????? 2?????
??????case-B????L1?L2? Table 21????
??????
? ????????????????????????
 
Fig.20? ??????????????? 
Total length frequency data and initial conditions to analyze total 
length frequency  
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Fig.21? ????????? 
Results of analyzing total length frequency 
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Fig.22? ??????????? l1 l2 r????case-A?
Calculated values of l1, l2 and r, on supposition of stable age  
distribution (case-A) 
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Fig.23? ??????????? l1 l2 r????case-B?
Calculated values of l1, l2 and r, on supposition of stable age  
distribution?case-B? 
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Table 21? ????????????? L1 L2??? 2? 
L1, L2 under supposition of stable age structure (Survey-2) 
? case-A case-B 
? Min Max Min Max 
N0,0 20,000 24,000 2,000 24,000 
L1? 0.0025 0.0036 0.0043 0.6270 
L2? 0.7966 0.9296 0.0136 0.2305 
?????? L1 L2????????  
? ?
? ?
?
?
?
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?????????????????????????
? case??????????????????????
??????????????????? L1 ? case-A
??? L2? case-B??????Table 21???????
?????????????????????????
????Lj min??(21)???????
? ? (ⅲ) シミュレーション 
???????Microsoft Excel??????????
?????????????????255???? Fig. 24
??????????????????????? ? ? ?
????0?1???????????????????
???? 1?20??????????????????
???????????????
? 1???????0???????? N1,0??????
?? N1,2????????????????????僅
???????N0,0? 0 ??? N1,1? 1 ???????
?????????????????????????
?????????????????????????
???????????????Ⅲ?????????
?????????????????????????
?????????????????????????
??????????????遡??????????
???????????Ni,0??????? Ni,1? Ni,2?
?????????????????????????
?????????????????????????
?????????? r ??????????????
?????????????????????????
?????????????????????? 2??
??????????????????? 
? ????????????????????????
??????????????????(22)?????
??????????????????????????
case???????????????????????
?????????????????????????
?????????????????????????
?????????????????????? 
? Fig. 24??????? 1,000???????????
?? 1,000 ????????????????????
?????case-1 ?? 1,000 ????????? 8?20
???case-2??4?14???????????????
??? case???????1,000???????????
???? 4 ???????????case-2 ?????遡
?????????????? 5??????????
??????????????????case-1 ????
?遡???????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
????????? 
? ???????????????(23)???????
transitional_r?????????? Fig. 25??????
???????? case???????????????
??? transitional_r????????????????
??????Age-1 ????????????????
?????????????????????????
??????????transitional_r ?????????
?????????????????????????
??? 10 ???????????僅????????
?????????????? transitional_r?????
??? 0.36?e0.36? 1.43??????????????
 2 1j ji,N
 
Fig.24? ???????????????? ??????? 
Results of simulation (x-axis: time, y-axis: number of individuals) 
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Fig.25? ??????????????(23)??????
transitional_r 
Calculated values of transitional_r by equation (23), based on
results of simulations 
0.0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0 5 10 15 20
tra
nsi
tio
na
l_r
(/y
ear
)
Time in years
SD
Average(case-1,2)
(case-1,2)
tra
nsi
tio
na
l_r
(/y
ear
)
?
138 農村工学研究所報告　第 52 号　（2013）
?????????????????????? r ??
???????? transitional_r???????????
?????????????????????????
????? r ????????? SD ????Fig. 25?
????????????????? 
 
 ３ 環境収容力 K 
? ????? K ??r ???????????????
?????????２??ｃ?（3）??????? 2?
????????????????????? 2???
?????r????????????????????
?????? 15???????????Fig. 17????
???????????????????????
?1.696??/m2?? K???????????????
? K?????????m2?? 1.696???/m2????
???????????????????? K????
?????????????????????????
???????????? 2005a???? 2011???
????? K???????????????????
?????????????? 
 
 ４ ネットワークモデル 
  ａ 基礎情報 
? ????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
???? 
? ????????????1 ???????????
???????? 1993???????????????
???????? 1????????????????
???????????????(24)????????
??? 
? Ni,t+1= [1+ri,t (1-Ni,t / K)] Ni,t (24) 
? ?????? i?????????????? t???
????N?????r???????K???????
???ri,t???? 0.36????? 0.21???????K
?? 1.696/m2?????????m2?????????
?????????????????????????
???????????????? 
? ????????????????????????
????????????? 0m????? 150m ???
?????????????? 0m????? 325m ??
????????????????? a???????
? Gerking?1959??????2008?????2009???
?? 0.25????? 
  ｂ メッシュ間の移動性 
? ????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????? 
? Fig. 26??????? i?????????????
?????? i+1 ?????????????????
??????? i ?????????????????
?????? R????0?1????????R????
??????? i?????????????遡?? u1i
????0?1????????????????? i+1?
???????u1i???????????????? i
???????????Fig. 26?? 
? ??????遡???????????? u1i??? 0
??????????????????? i+1????
?????????????????????????
??????????? i+1?????????? di+1?
??????????????????????????
????????????????????? 1???? 
  ｃ 合流水路の表現 
 ??????????????????????? 3
???????????????????? i ? i+1 ?
??????? i? k???????Fig. 27??????
?????????????????????????
??????遡??????? i+1 ?????????
??????? k?????????????????
?????????????????????????
???????????????? R’????0?1??
? 0.5 ???????0.5 ??????????????
?????????????????????????
??????? i?????遡?? u1i????????
???????遡?? u2i??????????? 
  ｄ 計算手順 
? ????????????????????????
 
 
Fig.26? ????????????????/????? 
Method to determine if movement of an individual over a boundary 
between mesh elements is successful 
????i ????i+1
??????
??
?????????????????????
1?????0?1??????R???
2??R? u1i ??????????????i+1 ?????
?? ?????????????? ????i??
???
???????????i????????????遡?
?????0?1???????
?????????????????????????
????i +1 ????????di +1???????????
???????????????
?
?
?
?
? ?
?
? ?
?
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????????????????????????1
????????????????????? 1,000 ??
?????????????????????????
??? 50??? 1????????????1??? 7
?????????????????????????
? Fig. 28???????????? 
? ????????????????????????
???????????????Table 22?Fig. 28??
??????????????????? 1??Fig. 28??
????????????????1 ????????
??????????????? 
? ?????????????????????????
???????????????????Table 22???
?????????????????????Fig. 28??
? A??????1?????1????????????
?????????????????????????
????????????????????Fig. 28??
? B????????????????????????
?????????????????????????
??????Fig. 26?27???????? B??????
7?????1???????????????????
?????????????????????Fig. 28??
? C??????????????(24)? Ni,t??????
????? Ni,t+1??????Fig. 28??? D??????
??K ??????????????????????
?????????????????????????
?????????????????????????
?????ri,t??????????? 0.36????? 0.21?
?????????????? 2????????? 3?
?????????????????????????
 
Fig.27? ????????? 
Expression of the junction of two canals 
????i ???
???
??1
??2
????i?????遡?????????? ????R’
????0?1??? 0.5????????????? 0.5
????????????????? ?????????
??Fig.26???
??????1??????2??????????????
?? Fig.26???
?
?
????
Fig.28? ???????? 
Schematic of Flow computation 
?????Ⅳ??４?ｄ????
??????
?????
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
??A
??B
??C
??D
START
????
?????
????????
????
??????
??????
??????
???????????
??????
???????
??????
??????3
??????2
END
?????????
???????
??????1
Table 22? ???? i ?????? 
List of attributes of mesh-i 
? ? ? ?
???????i?
?????????1 ??????????????????????
?????????2 ?????????????????????????????
????????? ??????????????????????
???遡??1?u1i ? ?????????????????1??????????????0,1??????????
???遡??2?u2i ? ?????????????????2??????????????0,1??????????
???????di? ???????????????????????????????0,1??????????
????? ???????????0???????????????????????????m?
????? ???????????0???????????????????????????m?
????? ?????????????
????? ?????????????
??????????Fig.26 27??????? ?? ???????????????????
?
? ?
?
?
?
?
?? ??
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?????????????????????????
?????????????????????????
?????? A???? 
? ???????????????????????
??? A?B???????????????????
?????????????????????????
?????????????????????????
???????? D????????????????
??? Ni,t+1????????????????????
????????????????????? Fortran
?????? ver.11.0 ???????????????
?????? 
  ｅ メッシュ延長の検討 
? ????????????????????????
?????????????????????????
???????????????????1 ?????
?????????????????????????
?????????? dt ??? dx ?????????
???????????? 1993?dt??????dx?
??????????????????????????
?????????????????????????
??????????????? 
? ????????????????????????
??????????????? 2km? 1??????
??????????????? 11??????????
?????????????????? 11??????
????? 25?40?50?80?100?125?200?250?400?
500?1,000m ???????????????????
80?50?40?25?20?16?10?8?5?4?2??????
?????????????????????????
?????????????????? 1m ??? 1 ?
?????????????????????????
??????????????? u1i??? di+1=1???
??????????????????遡??????
?????????????????????????
???????????????Fig. 28??? C??? 
? ???? 1,000 ?????????????????
?????????????????????????
Fig. 29 ?????????????????? 30 ??
??????????????????????????
Fig. 29?a????????????? 25?500m????
??25m?????????????????????
? Fig. 29?b????????????? 25?200m???
?僅???????????????????????
250?500m????????????????????
??1,000m????????????Fig. 29?a???b??
???????????? 25?200m ????????
?????????????????????????
???????????
? Fig. 30?????????? 30 ?????????
?????????????????????????
?????????????????????????
?????????????????????????
???????????????????????l??
25?50m?????????????????????
???????? 80?500m ????????????
???????????1,000m?????? 2?僅??
??????????????? 80?125m ?????
?????????????????????????
?????????????????????????
?????????????????????????
???????????? 
? ????????????????????????
100m???? 
  ｆ シミュレーションケース 
? 1 ???????????????????????
?? 1 ?????????????????????
?Fig. 31???? 3km????????? 100m????
? 01?30?????????????????????
?? 1??????? 20?21????????? 1km?
?????????????? 01 ?????????
1km????????????????????? 100m
????? 31?40???????? 10?31?????
?????????????????? 2????????
 
Fig.29? ????????? 
Examination of length of meshes 
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?????????? 1?2?遡???????????
?????????? 
? ?????????? 2?????????????1
??????1 ??????????????????
?????????????????????????
????????? 
? ???????? 1?2??遡???????????
????????Table 23?1????? 101?u120=0.00?
u210=0.00????????????????遡?????
1.00 ?????????? d1?d40??? 1.00 ????
???????????????? 01????????
?????????????????????Fig. 28??
? C??????? 01???????遡????????
?? 
? ?????????????? 01?20 ??????
100????? 21?40?????? 0????????
????????????????? r??? 0.36??
?????????????????n=1,000?????
????????????? 1998??????????
?????????????????????????
?????????????????????????
?????????????????????????? 
 
Fig.30? ??????????? 
Examination of length of meshes 
l=25m, Nave=2,360
l=40m, Nave=2,467
l=50m, Nave=2,486
l=80m, Nave=2,489
l=100m, Nave=2,484
l=125m, Nave=2,489
l=200m, Nave=2,474
l=250m, Nave=2,422
l=400m, Nave=2,425
l=500m, Nave=2,483
l=1,000m, Nave=2,857
??????????????? ????????
????? ????????? ???????
????? ???????
 
Fig.31? ???? 
Hypothetical canal schematic 
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? ?????????????? 1?2??????遡?
?? 0.25 ????????????????????
?????????????????????????
?? Table 23?1????????? 
? ????????????????????????
??????????? 0.5km ??????? 05 ??
??? 06?31??????????1.5km??????
? 15????? 16?31??????????????
?????????????????????????
Table 23?2???3????????? 
  ｇ 結果および考察 
? (1) 改善前（ケース 101、001、201。初期条件の検討） 
? ????????????????????????
??????? Fig. 32???????????????
?????????????????????? 
? Fig. 33? 30 ??????????????????
?????????????????????????
????????? 0.15??????????????
????????????? 1986??????????
???????? ???Fig. 33???????
?????????????????????? 
? 3 ????Fig. 33????????????????
?????????????????????????
?????????????????????????
??????????遡??????????????
?????????????????????????
???? 
? Fig. 34? 30?????????? 01?20?????
???????????????? 3????????
?????????????????????????
????????????????? K???????
?????????????????????????
?????????? 
? ????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????? 
? (2) 改善後 
? Fig. 35????????????? 113?u120=0.50?
u210=0.50????????????????????
????????????????? 21?40????
????????????????????????
????????????????????????
????????????????? 01?20????
????????????????????????
????????????????????????
????????????????????????
?????????Diamond, 1975????????
1994?? 
? Fig. 36????? 107?u120=0.25?u210=0.25?????
?? 125?u120=1.00?u210=1.00???????????
?????????????????????????
????????????遡????????????
?????????????????????????
?????????????????????????
?????????????????????????
???????? ???????????????
遡????????????????????????? 
? (3) ケース間比較 
? ?????????????? 30?????????
??Table 24?1???3????????????????
???????Fig. 34?? 100??????????30
Table 23? ??????????????? 
Name and attributes of each simulation case  
 
u120??????1?
0.00 0.25 0.50 0.75 1.00 
u2
10
?
?
?
?
?
?
2? 0.00 101 102 103 104 105 0.25 106 107 108 109 110 
0.50 111 112 113 114 115 
0.75 116 117 118 119 120 
1.00 121 122 123 124 125 
?1?????????????1km?????
u120??????1?
0.00 0.25 0.50 0.75 1.00 
u2
05
?
?
?
?
?
?
2? 0.00 001 002 003 004 005 0.25 006 007 008 009 010 
0.50 011 012 013 014 015 
0.75 016 017 018 019 020 
1.00 021 022 023 024 025 
?2?????????????0.5km?????
u120??????1?
0.00 0.25 0.50 0.75 1.00 
u2
15
?
?
?
?
?
?
2? 0.00 201 202 203 204 205 0.25 206 207 208 209 210 
0.50 211 212 213 214 215 
0.75 216 217 218 219 220 
1.00 221 222 223 224 225 
?3?????????????1.5km?????
??
??
??
?????101 001 201????????????????
??????????????????
Fig.32? ??? 101???????? 10???? 
Numbers of individuals in mesh-10 for simulation-case 101 
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?????????????????????????
?????????????????????????
 
Fig.33? 30????????????????????????
? ?????????? 
Average numbers of individuals of each mesh element the end of a 30
year simulation (Error bars indicate standard deviations. Italic
numbers indicate coefficients of variation) 
???
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????01
????02
????03
????04
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????20
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???001
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????01
????02
????03
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????05
????06
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????15
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????
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????03
????04
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????06
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????08
????09
????10
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????12
????13
????14
????15
????16
????17
????18
????19
????20
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???201
0.25
0.20
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0.14
0.13
0.12
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0.07
0.06
0.06
0.05
0.06
0.05
0.05
0.05
0.13
0.15
0.17
0.21
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0.06
  
Fig.34? 30?????????? 01?20?????????
???????????? 
Average numbers of total individuals in mesh-01- 20 the end of a 30 
years simulation (Error bars indicate standard deviations) 
0 500 1,000 1,500 2,000 2,500
???101
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???
Fig.35? ??? 113??????????????? 
Average numbers of individuals of each mesh element in 
simulation-case 113 
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Fig.36? ?????????? 
Total numbers of individuals in all meshes 
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??????????????????Table 24????
???????? Fig. 36??????????????
????????? 
? Fig. 37?????? 2??????????????
??????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
???????????????? 
? ?????? 1?u120????? 2?u210??????
?????????????????????????
?? 108? 112???? 109? 117???? 114? 118?
?????????? Table 23?1?? 5? 5??????
??????????????????????? 1??
?????? 2??????????????????
?????????????????????????
????Fig. 37???????????????????
? 1???????????????????????
?????? 102?125??????????? 002?025?
???????? 202?225?????????????
?????????? 10??????????????
??????????????????? 
? ????????????????????????
??????????? 1?遡???????? 2?遡
??????????????????????????
????????? 2008??????? Table 25????
??? 1?2?遡??????????????????
???????? 0.604?0.540????????? 0.586
?????????????????????????
??????????p<0.01??????????????
?????????????? 1??????????
?????????????????????????
Table 24? ?????????????? 100 ??????
??? 30?????????1,000????? 
Average numbers of individuals the end of a 30 years simulation
These values indicate ratios(%) to the average number of individuals
of simulation-case101,001 or 201 after a 30 year simulation 
 
u120??????1?
0.00 0.25 0.50 0.75 1.00 
u2
10
?
?
?
?
?
?
2? 0.00 100 156 168 174 1750.25 157 213 222 229 230
0.50 166 221 235 238 240
0.75 171 226 236 243 244
1.00 174 230 240 245 246
?1? ???101?125
u120??????1?
0.00 0.25 0.50 0.75 1.00 
u2
05
?
?
?
?
?
?
2? 0.00 100 155 165 171 1710.25 149 205 216 221 222
0.50 159 213 224 230 231
0.75 163 217 228 234 235
1.00 166 219 231 236 237
?2? ???001?025
u120??????1?
0.00 0.25 0.50 0.75 1.00 
u2
15
?
?
?
?
?
?
2? 0.00 100 154 171 179 1800.25 162 213 228 236 239
0.50 172 224 238 247 249
0.75 176 227 243 250 252
1.00 179 228 246 253 254
?3?????201?225
 
Fig.37? ????????????????????????????????? 2??????????? ??? 102?125)
Numbers of trials in which the total number of individuals in all meshes was more than 2 times of that in the initial condition (simulation-case102-125)
0 
500 
1,000 
7 9 11 13 15
?
?
?
?
?
?
? ? ???
125 
124 120 
119 
115 123 
114 118 
113 
110 
109 
122 
117 
108 
112 
107 
102?106,111,116,121 
?????????????????????????Table 23?1????
Table 25? ??????????????? 
Result of multiple regression analysis using forward selection method
 
?? ????? ??????? t? p? ???
u120 659.757 0.604 7.884 0.00 ** 0.555
u2?? 589.437 0.540 7.044 0.00 ** 0.485
??? -425.983 -6.041 0.00 **
???????: 0.586
F? : 51.265
??u205 u210???u215
?
?
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?? 
? ?????????????????????? 102
?125???? 002?025???? 202?225??????
?????????????????????????
? Table 26????????????????????
???????????? 3,000 ??????????
?? 1??????????????????????
????????????????????? Table 24
?????????????????????????
Fig. 37 ?????????????????????
?????????????????????????
?????? 1??????????????????
?????????????????????????
??????????????????????????
???? Fig. 37??????????????????
???????????????????Table 25?26
?????????????????????????
??????? 
 ５ 感度分析 
? ????????????????????????
?????????r?K??????????????
?????????????????????????
?????????????????????????
?????????????????????????
????????????????????? 
  ａ 検討方法 
? ?? 2km? 1??????????????????
??????????????????Table 27????
???????? 50%?75%?150%?200% ?????
?????????????????????????
?Table 27?? 7????????? 29????7?4?
1?????????????????????????
?????????????????????????
100m??? 100???????? 30????????
1,000??u1i=1.00?di=1.00???? 
? ?????????????????????????
????????????? 7???Table 27?????
?????????????????????????
?????5???10???15???20???25???
30??? 6????????????????????
????????????????????? 6???
???????????????????????? 8
?????????????????????????
Table 26? 10?????????????Table 24??????
Numbers of trials in which the total number of all meshes in 10 years
later was more than 2 times of that in the initial condition (All cases
of Table 24) 
 
u120??????1?
0.00 0.25 0.50 0.75 1.00 
u2
05
，
u2
10
?
?
?
u2
15
?
?
?
?
?
?
2? 0.00 ? 0 0 0 00.25 0 0 0 13 63
0.50 0 0 158 1 256 1 951
0.75 0 0 552 2 432 2 858
1.00 0 3 1 123 2 787 2 978
Table 27? ??????????????????? 
List of simulation-cases for sensitivity analysis 
???? ????? K r ?ave? r ?sd? a??????????? sd??????? sd??????? ? ?
00 20 170 0.36 0.21 0.25 150 325 ??
01 10 170 0.36 0.21 0.25 150 325
02 15 170 0.36 0.21 0.25 150 325
03 30 170 0.36 0.21 0.25 150 325
04 40 170 0.36 0.21 0.25 150 325
05 20 85 0.36 0.21 0.25 150 325
06 20 127 0.36 0.21 0.25 150 325
07 20 254 0.36 0.21 0.25 150 325
08 20 339 0.36 0.21 0.25 150 325
09 20 170 0.18 0.21 0.25 150 325
10 20 170 0.27 0.21 0.25 150 325
11 20 170 0.54 0.21 0.25 150 325
12 20 170 0.72 0.21 0.25 150 325
13 20 170 0.36 0.11 0.25 150 325
14 20 170 0.36 0.16 0.25 150 325
15 20 170 0.36 0.32 0.25 150 325
16 20 170 0.36 0.42 0.25 150 325
17 20 170 0.36 0.21 0.13 150 325
18 20 170 0.36 0.21 0.19 150 325
19 20 170 0.36 0.21 0.38 150 325
20 20 170 0.36 0.21 0.50 150 325
21 20 170 0.36 0.21 0.25 75 325
22 20 170 0.36 0.21 0.25 113 325
23 20 170 0.36 0.21 0.25 225 325
24 20 170 0.36 0.21 0.25 300 325
25 20 170 0.36 0.21 0.25 150 163
26 20 170 0.36 0.21 0.25 150 244
27 20 170 0.36 0.21 0.25 150 488
28 20 170 0.36 0.21 0.25 150 650
, , ,
, ,
, ,
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??????? 2008?SSRI?????? 
  ｂ 結果および考察 
? ?????????? 6?????????????
??K?r?ave??a????????????sd????
????sd???????? 6????????????
???????Table 28?????6?????????
?????????????????K?r?ave??sd??
??????sd????????a???????????
????????? 2???????????????
?????????????? 2??????????
??????????? 4???? 6????????
?????sd???????? sd??????????
????????????????? r?ave?????
???a??????????????????????
???r?ave???????????????????
?????????????????????????
Table 28? ??????????????? 
Result of multiple regression analysis using forward selection method 
  
? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ???????
? ? ????? ??????? t? p? ???
????? 155.462 0.891 47.357 0.00 ** 0.887 
K 7.721 0.374 19.892 0.00 ** 0.364 
r?ave? 1 906.124 0.197 10.452 0.00 ** 0.184 
a??????????? -687.722 -0.049 -2.613 0.02 ** -0.066 
sd??????? -2.712 -0.116 -6.193 0.00 ** -0.133 
sd??????? -1.062 -0.099 -5.256 0.00 ** -0.115 
??? -1 926.156 -11.237 0.00 **
???????: 0.990
F?:468.009
?1? 5??
? ? ????? ??????? t? p? ???
????? 170.067 0.824 60.639 0.00 ** 0.819 
K 12.679 0.520 38.236 0.00 ** 0.511 
r?ave? 1 794.316 0.156 11.516 0.00 ** 0.143 
a??????????? -833.326 -0.050 -3.706 0.00 ** -0.067 
sd??????? -3.326 -0.121 -8.888 0.00 ** -0.138 
sd??????? -1.343 -0.106 -7.781 0.00 ** -0.122 
??? -2 656.622 -18.141 0.00 **
???????: 0.995
F?:899.579
?2? 10??
? ? ????? ??????? t? p? ???
????? 172.724 0.799 57.933 0.00 ** 0.794 
K 14.354 0.562 40.719 0.00 ** 0.553 
r?ave? 1 710.047 0.142 10.324 0.00 ** 0.129 
a??????????? -844.704 -0.049 -3.534 0.00 ** -0.066 
sd??????? -3.441 -0.119 -8.652 0.00 ** -0.136 
sd??????? -1.388 -0.104 -7.565 0.00 ** -0.121 
??? -2 890.524 -18.567 0.00 **
???????: 0.995
F?:872.906
?3? 15??
? ? ????? ??????? t? p? ???
????? 173.420 0.793 56.584 0.00 ** 0.788 
K 14.778 0.572 40.780 0.00 ** 0.563 
r?ave? 1 677.879 0.138 9.854 0.00 ** 0.125 
a??????????? -840.890 -0.048 -3.422 0.00 ** -0.065 
sd??????? -3.458 -0.119 -8.458 0.00 ** -0.135 
sd??????? -1.391 -0.103 -7.372 0.00 ** -0.120 
??? -2 953.114 -18.453 0.00 **
???????: 0.996
F?:845.348
?4? 20??
,
,
,
,
,
,
,
,
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?????????????????????????
?????????????????????????
??????????????? 
? ?? 6 ???????????????????
Table 29????????? 6???????????
????? a???????????????????
?????????????????????????
??????????????????????????
??????????????????? 
? ????????? 1??????????????
?????????????????????????
?????????????????????????
??? K?????????????????????
?????????????????????????
?????????????????????????
??????????????????????? K?
???????????????????? 
 
 ６ まとめ 
????????????????????????
?????????????????????????
??????????????????? 
????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
???????????? 
????????????????????????
?????????????????????????
?????????????????????????
???????????? 
 
Table 28? ???? 
(Continued) 
  
? ? ????? ??????? t? p? ???
????? 173.711 0.792 56.200 0.00 ** 0.787 
K 14.872 0.574 40.694 0.00 ** 0.565 
r?ave? 1 664.389 0.137 9.692 0.00 ** 0.123 
a??????????? -836.415 -0.048 -3.375 0.00 ** -0.065 
sd??????? -3.460 -0.118 -8.391 0.00 ** -0.135 
sd??????? -1.391 -0.103 -7.313 0.00 ** -0.120 
??? -2 968.929 -18.395 0.00 **
???????: 0.994
F?:836.073
?5? 25??
? ? ????? ??????? t? p? ???
????? 173.847 0.792 56.038 0.00 ** 0.787 
K 14.895 0.574 40.607 0.00 ** 0.566 
r?ave? 1 659.056 0.136 9.626 0.00 ** 0.122 
a??????????? -834.201 -0.047 -3.354 0.00 ** -0.064 
sd??????? -3.458 -0.118 -8.356 0.00 ** -0.135 
sd??????? -1.390 -0.103 -7.281 0.00 ** -0.120 
??? -2 974.219 -18.361 0.00 **
???????: 0.994
F?:831.484
?6? 30??
Table 29? ?????????????????????? 
Result of multiple regression analysis using forward selection method (“Time” is included)  
 
? ? ????? ??????? t? p? ???
?????? 7.549 0.066 6.175 0.00 ** 0.066 
????? 169.872 0.807 75.046 0.00 ** 0.802 
K 13.216 0.531 49.382 0.00 ** 0.523 
r?ave? 1 735.302 0.148 13.799 0.00 ** 0.135 
a??????????? -812.876 -0.048 -4.479 0.00 ** -0.065 
sd??????? -3.309 -0.118 -10.959 0.00 ** -0.135 
sd??????? -1.328 -0.102 -9.529 0.00 ** -0.119 
??? -2 860.364 -23.814 0.00 **
???????: 0.981
F? :1 212.154,
,
,
,
,
,
,
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Ⅴ 結 言 
 
 １ ネットワークモデルの特長 
? ????????????????????????
??????????????????? PVA ???
?????????????????????????
????? PVA ??????????????????
VORTEX ? PVA ?????????????????
?? 1? Lord Howe Island woodhen Tricholimnas sylvestris 
(Sclater) ????????????????? Brook et 
al.(1997)?????????????????????
?????????????????????????
?????????????????? PVA ????
?????????????????????????
?Frankham et al., 2007??VORTEX?Lacy et al., 2005??
?????????????????????????
??Seal et al., 1998?????????????????
?????????????????????????
????VORTEX???????????Miller & Lacy, 
2005???????2010????? VORTEX?????
??????????????????????? 
? ????????????????????????
?????????????????????????
??????????????????????????
?????????????????????????
?????????????????????????
???????VORTEX ??????????????
?????????????????????????
??? 
? VORTEX????????????????????
?????????????????????????
????????A?C ? 3 ????????????
??????????A?????????? A???
???? PAA?B??????? PAB?C???????
PAC???? B?C????????????? PBA?PBB?
PBC?PCA?PCB?PCC?????????????9 ??
?????????????? 50??????????
?????????????????????? 2,500
??=502??????????????VORTEX???
?????????????? 50?? 
? ????????????????????????
?????????????????????????
????????????????????VORTEX?
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
??X??Y????? 1?????????????
????????????? PXY?PYX ???????
?????????????????????????
? P???P?????????????????????
?????????????????????????
?? 
? ????????????????????????
?????????????????????????
???????????????????? VORTEX
?????????????????????????
??? P??????????????鍵???????
?????????????????????? P??
????????????????????? 
? ?????? VORTEX ?????????????
?????????????????????????
???????????????Miller & Lacy, 2005??
?????????????????????????
?????????????????????????
?????????? 10??? 2010????????
?????????????????????????
?????????? VORTEX ??????????
?????????????????????????
?????????????????????????? 
? ????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
??????????????? 
 
 ２ ネットワークモデルの利用と展開 
? ????????????????????????
?????????????????????????
?????????????????????????
??????????????????????????
?????????????????????????
??? 
? ?Ⅰ??????????????????????
?????????????????????????
??????????????? VORTEX ? PVA??
?????????????????????????
?????????????????? 
? ????????????????????????
?????????????????????????
?????????????????????????
???????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
??????????????????? Solomon & 
?
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Templeton?1976???????????????? Riley 
et al.?1992????????????Nakamura et al.?2002??
??????????????2004??????????
?????2008?????????????????? 
? ????????????????????????
?????????????????????????
?????????????????????????
??????????????????????????
?????????????????????????
?????????????????????????
?????Fig. 38??????????????????
?????????????????????????
?????????????????????????
?????????????????????????
????????????????????????
2007??????? Adaptive Management???????
?????????????????????????
????????????????? 1998??????
?????????????????????????
?????????? 
? ??2010????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
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標記刊行物につきまして、下記のとおり訂正をお願いします。
(2013.03)
ページ 訂正箇所 誤 正
134 左側、下から 5行 ･･･参考に、Wまたは wを 1～ 30(g)の･･･ wに ⎯ を付ける。
目、2文字目。 ･･･参考に、Wまたは wを 1～ 30(g)の･･･
136 右側、下から 13 ･･･を仮定して(式(14)、(15)、任意の･･ 閉じ括弧を挿入。
行目。 ･･･を仮定して(式(14)、(15))、任意の･･･
